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Figure 1-1. Resistance Bridge ZM-4/U 
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SECTION 1 


DESCRIPTION 
GENERAL 
1. PURPOSE AND BASIC PRINCIPLE. 


Resistance Bridge ZM-4/U is a readily portable instru- 
ment, weighing approximately 8 pounds, arranged pri- 
marily to measure resistances in locating faults which 
occur on conductors used for communication systems and 
on those used for power transmission. It can also be used 
to measure other fixed resistances. 


2. DESCRIPTION OF INSTRUMENT. 


A general view of the instrument, with the lid open, is 
shown in figure 1-1. It is contained in an oak case with 
a hinged lid which is equipped with a snap latch. The 
carrying strap is long enough to permit carrying by hand 
but it is not long enough to permit slinging the instru- 
ment from the shoulder. 

The instrument. is self-contained, in that it has a 
galvanometer mounted in the top plate and three dry 
cells (flash light type) mounted in a compartment in the 
case. The dry cells supply the current for the measuring 
circuit. 


TABLE 1-1. 


DESCRIPTION 


On the other hand, readily accessible terminals arc 
provided so that a separately mounted galvanometer can 
be used and so that external dry cells can be used, if 
desired. When either the external dry cells or galvano- 
meter is used, the corresponding internal item must be 
disconnected. This feature is covered in detail in Section 
3, Installation. 


3. REFERENCE DATA. 


. Resistance Bridge ZM-4/U. 

. Contract NObsr-49097: 31 May 1950. 

. Leeds & Northrup Company. 

. Inspector of Naval Material, Washington, D. C. 

. One RAceeRe PSF instrument and only one instru- 
ment involved. 

. Cubical contents: crated 1.7 cu. ft.; uncrated 0.22 
cy. ft. 

. Weight: crated 45 Ib.; uncrated 9 Ib. 


. Accuracy of instrument: 0.15% from 1 ohm up to 
the limit of the use of the instrument. 
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EQUIPMENT SUPPLIED 


nee OVER-ALL : 
TYPE DIMENSIONS VOL- 
EQUIP Ne eaiieneore DESIGNA | | Uwe | WEIGHT 
MENT TION =| HEIGHT! WIDTH DEPTH | 
1 Resistance Bridge ZM-4'U 5g 1 9 eas, 0.22 8 
; “NAVSHIPS | 1, f Ey OURS 
2 Instruction Books 91073(A) | H 81/, ; 
Emcaiontcelis @ay = (ti| AE V6 


Unless otherwise stated, dimensions are inches, volume cubic feet, weight pounds. 


TABLE 1-2. SHIPPING DATA 

| | 
SHIP- OVER-ALL 
PING CONTENTS DIMENSIONS YOL- 
BOX | ume | WEIGHT 
NO. “| DESIGNA- | re [ SRS | 

HEIGHT! WIDTH | DEPTH 
4 NAME ade | TION! | rH | meee tte 
1 | Resistance Bridge | ZM-4/U ° 10 18 16 1.7 {5 


Unless otherwise stated, dimensions are inches, volume cubic feet, weight pounds. 
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BA- Figure 2-1. Simplified Diagram of Resistance Bridge ZM-4/U BA + a 
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Figure 2-2. Theoretical Diagram of a Figure 2-3. Theoretical Diagram for Comparison 
Conventional Bridge of Capacitances to Locate an Open in a Cable 
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SECTION 2 
THEORY OF OPERATION 


1. GENERAL DESCRIPTION OF CIRCUIT. 


The internal wiring connections, of Resistance Bridge 
ZM-4/U, are shown in the conventional form in figure 
2-1. It is to be noted, however, that the taps for posi- 
tions M10 and M100 on the MULTIPLY BY (ratio) dial 
have been omitted from figure 2-1 for simplicity. This 
does not change the connections which are shown and 
does not affect the general operation and functioning of 
the circuit. The connections for positions M10 and 
M100 are shown in figure 4-2. 

To further simplify the explanation of the circuit, the 
connections are shown in figure 2-2 as a conventional 
bridge. In figure 2-2, R represents the four resistance 
dials 1, 10, 100 and 1000 in figure 2-1 while A and B in 
figure 2-2 represents the two ratio arms shown by the 
series of resistors in agure 2-1. 

The references used in the following description are 
to figure 2-2, unless otherwise stated. 

Grounds and crosses on land lines, and on short sub- 
marine cables, are generally located by what are com- 
monly called loop methods. Each of these methods 
utilizes a special arrangement of the bridge circuit and 
must satisfy bridge balanced conditions to obtain a cor- 
rect reading. The conventional bridge circuit is shown 
in figure 2-2 with resistors A, B, R and X forming the 
four arms of the bridge; the galvanometer connected 
between points e and f; and the battery (for current sup- 
ply) connected between points c and d. 

The bridge is balanced, with no current flowing through 
the galvanometer, when resistances have the relation, 

Anes 
aoe ne (2) 


If the values of resistances A, B and R are known, the 
value of X may be calculated from the relation, 


X= eR (2a) 

Resistances A and B are called the ratio arms. Their 
ratio only, not their individual values, need be known. 
In the case of the ZM-4/U, these ratios are covered by 
the MULTIPLY BY dial, figure 4-1. Resistance R is 
called the rheostat arm. It should be adjustable in small 
steps of resistance over a wide range of values. In the 
case of the ZM-4/U, this arm is covered by the four dials 
1, 10 100 and 1000, figure 4-1, 
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The resistance to be measured (X in figure 2-2) is con- 
nected to terminals X1 and X2 (see figure 4-1) on the 
instrument. 

Each of the resistances A, B, R and X, respectively, 
represents the total resistance, including lead and contact 
resistance, from a battery connection to the next galvano- 
meter connection. Therefore, the resistance of the leads 
from the terminals on the instrument to the resistance 
being measured, must be considered in subsequent 
calculations. 

The introduction or variation of resistances (as repre- 
sented by r and r’ in figure 2-2) in the battery or galvano- 
meter circuit does not affect the conditions of balance. 
The effect of such resistances is to change the sensitivity 
and to vary the damping of the galvanometer. 

Thus, this Resistance Bridge ZM-4/U is arranged to 
measure an unknown resistance in a very simple and 
quick manner. However, certain types of faults on wires 
and cables can be located by measuring resistance of the 
wires with specific special connections of the bridge cir- 
cuit. For these details, refer to Section 4, Operation. 

In addition, this Resistance Bridge ZM-4/U can be 
used (with modified circuit connections) to locate an 
open in a wire. For these details, refer to Section 4, 
Operation. However, a theoretical discussion of this 
type of measurement is given below. 

Figure 2-3 shows the theoretical connections for mak- 
ing a measurement to locate an open in a wire by using 
the comparison of capacitances method. 

When a conductor is actually broken and there is no 
return circuit from the break, a new set of conditions 
must be considered. In locating the break, use is made 
of the fact that every conductor possesses capacitance 
with reference to any neighboring conductors and forms 
with them a capacitor. The conductor itself forms one 
plate; the neighboring conductors, cable sheath or earth, 
the other plate; the cable insulation, air or other insu- 
lating material, the dielectric of the capacitor. 

When the conductor is uniformly spaced from its sur- 
roundings as, for example, a conductor in a cable, the 
capacitance is proportional to the length. Therefore, by 
measuring the capacitance of the conductor from one end 
to the break, the distance to the break may be deter- 
mined, if the capacitance per unit length is known. This 
may be done by charging the capacitor (by applying a 
voltage) and then discharging it through a galvano- 


2-1 
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meter. The resulting ballistic deflection or “kick,” if 
calibrated by applying the same voltage to a standard 
capacitor, is a measure of the capacitance of the conductor 
to its surroundings and, hence, of the distance to the 
break. This method is, however, subject to objections: 
the capacitance may not be uniform throughout the 
length of the cable; and “dielectric absorption” (reten- 
tion of a part of the charge by the dielectric) may 
introduce errors. 

By balancing the capacitance of the faulty conductor 
up to the point of the break against that of a good con- 
ductor in the same cable, these sources of error may be 
largely eliminated, as they affect both the faulty and good 
conductors in substantially the same way. This is accom- 
plished by using the same apparatus which is used for 
locating grounds and shorts, except that direct current 
from a battery is replaced by pulsating or alernating cur- 
rent from a buzzer or “tone test’’ set, and the galvano- 
meter is replaced by phones. A buzzer may be used for 
distances up to 14 mile, with lower frequencies or slowly- 
reversed, direct current from longer lines. 

The connections used are essentially those of a bridge 
(compare figure 2-3 with figure 2-2) with resistances X 
and R, in figure 2-2, replaced by the two capacitors Cl 
ind C2, in figure 2-3, formed by the faulty conductor and 
the good conductor. When resistances A and B, figure 
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2-3, are so adjusted that no sound is heard in the phones, 
points 1 and 2 are at equal potentials. If the phones can- 
not be adjusted to silence, the point of minimum sound 
is determined. 

The cable capacitances represented by C1 and C2 are 
charged to the same difference of potential, as indicated 
by no sound in the phones, and contain quantities of 
electricity proportional to their respective capacitances. 
The quantity flowing into each capacitor in any unit of 
time is limited, however, by the resistance in series with 
it and, hence, is inversely proportional to the resistance 
limiting the flow. 


Therefore 


2 


oe 


Since the good and faulty conductors are subjected to 
the same conditions, their lengths may be taken as pro- 
portional to their capacitances, from which 


As £2 


The question of allowance for leadwires does not arise 


unless the leads are very long or unless wire in a cable is 
used for leads to the faulty cable. 
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SECTION 3 
INSTALLATION 


1. UNPACKING. 


No special precautions need be used in unpacking this 
instrument. Simply use the care which should be used in 
unpacking any portable electrical instrument. 

Just inside the wooden shipping box there is one thick- 
ness of waterproof paper; under this there is a waxed 
cloth which covers the cardboard carton containing the 
instrument. Use normal care in opening the carton so 
as not to damage the wood case of the instrument. One 
or more small bags of a desiccant (dryer) will be found 
inside the carton. These are for shipping purposes only. 

Three, size D, flashlight, dry cells are also packed in 
the carton with the instrument. Be sure they are not dis- 
carded with the packing material. 


Figure 3-1. 
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Resistance Bridge ZM-4/U, Left Hand End 


2. ASSEMBLING. 


The only assembling necessary is to mount the three 
dry cells in the instrument case. To do this, remove the 
two screws 1, figure 3-1, and remove metal plate 2, figure 
3-1, to uncover the dry cell compartment. Insert the 
three, size D, flashlight dry cells in series in this com- 
partment, inserting the bottom of the cells first, so that 
the center terminal on the last cell will make contact with 
the metal cover plate when it is replaced. Then replace 
plate 2, figure 3-1, and fasten it in‘place with the two 
screws. 


TGR RET Ne er 


WEL BESTS UP 


‘, 


4 Section 
Paragraph 1 


NAVSHIPS 91073(A) 
ZM-4/U 


OPERATION 


: SECTION 4 


OPERATION 


Figure 4-1. Resistance Bridge ZM-4/U, Operating Panel 


1. INTRODUCTION. ; 

Before using this instrument for a measurement, cer- 
tain operating adjustments must be made and the deci- 
sion made as to whether to use the dry cells and galvano. 
meter mounted in the instrument case or to use external 
dry cells (or battery) and an external galvanometer. 
I'he external battery or galvanometer is used only when 
it is necessary to increase the sensitivity of measurement. 
This is determined primarily from experience. 

When key G is depressed it closes and completes the 
circuit to the galvanometer and when key B is depressed 
it closes and completes the circuit to the battery (or other 
d-c supply). Both of these keys must be closed 
(depressed) at the same time in order to make a measure- 


ment. 


4-O 


2. DETERMINE D-C SUPPLY TO BE USED. 


If the battery (three dry cells) mounted in the instru- 
ment case is to be used (sensitivity of the instrument 
sufficient on approximately 4.5 volts), turn the BA key, 
figure 4-1, with the arrow toward IN. 

If the battery mounted in the instrument case is not 
sufficient for the desired sensitivity, turn key BA with the 
atrow toward OUT. Then connect the required battery, 
or higher voltage d-c source, to terminals BA+ and 
BA— with polarities as indicated. The maximum d-c 
voltage permissible for this purpose is 200 volts. For 
potentials over 45 volts, use an external resistance in 
series with it. This resistance should equal 40 ohms for 
each volt over 45, up to 200. 
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3. DETERMINE GALVANOMETER TO BE USED. 

If the galvanometer which is mounted in the instru- 
ment is usable and has sufficient sensitivity for the mea- 
surement to be made, do not make any connections to 

terminals GA+ and GA—. 

If the galvanometer which is mounted in the instru- 
ment is damaged or does not have sufficient sensitivity for 
the measurement to be made, remove screw 1, figure 4-1, 
to disconnect this galvanometer. Then connect the 
external galvanometer to terminals GA+ and GA—. 
The polarity markings can be ignored unless it is desired 
to have the galvanometer deflect in a given direction for 
a given unbalance of the measuring circuit. 


4. ADJUST GALVANOMETER ZERO. 

Before making a measurement, check and, if neces- 
sary, adjust the galvanometer zero. 

If the galvanometer in the instrument is used, adjust 
the zero as follows: See that key G, figure 4-1, is open 
(in the up position). Push CLAMP button 2, figure 4-1, 
toward the galvanometer scale as for as it will go to 
release the coil. If the galvanometer pointer balances at 
zero on the scale, it needs no adjusting. On the other 
hand, if it does not balance at zero, loosen the small 
screw in the side of cap 3, figure 4-1, and turn cap 3 until 
this condition is obtained. To clamp the galvanometer 
coil, when finished using the instrument, push CLAMP 
button 2, figure 4-1, in the direction of the arrow at 
CLAMP as far as it will go. This prevents the coil from 
swinging while transporting the instrumeni. 

If an external galvanometer is used (connected to ter- 
minals GA+ and GA—), adjust its zero as indicated in 
the separate instructions for this galvanometer. 


5. TO MAKE MEASUREMENTS. 

a. RESISTANCE MEASUREMENTS 

This type measurement may be a long length of wire, 
two long lengths of wire joined at the distant ends, a 
wound resistor, etc. The connections for this type mea- 
surement are shown, in schematic form, in figure 4-3. 

Connect the unknown resistance to terminals X1 and 
X2. Close one knife switch in the R position and the 
other in the VR position. Set the MULTIPLY BY 
(ratio) dial to the proper value as indicated in the fol- 
lowing table. 


MULTIPLY BY 
Dial Setting 


Unknown Resistance 


Below 10 CT Sean 1/1000 
10 ohms to 100 Me tars isvententiess | 1/100 
100 *) 1000 SAE are 1/10 
1000 “© 10000 aE 1/1 
10000 a RT et vc ccenhandeavesiba 10/1 
100000 ia “1000000 a 100/1 
1000000 “ “10000000 (Se an on 1000/1 
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Balance the bridge by adjusting the four rheostat dials 
(1, 10, 100 and 1000) until the galvanometer does not 
deflect when keys G and B are depressed (closed) at the 
same time. Then the unknown resistance (in ohms) is 
equal to the sum of the rheostat dial setting multiplied 
by the setting of the MULTIPLY BY dial. In other 
words, from figure 4-3, 
A 


= setting of MULTIPLY BY dial 


where 


D wl> 


= sum of settings of rheostat dials 


b..TO PICK OUT A GROUNDED WIRE 


The connections for this type measurement are shown, 


in schematic form, in figure 4-4. 


Set the MULTIPLY BY dial at M1000. Close one 
knife switch in the VR position and the other knife 
switch in the MV position. Connect terminal GR to a 
good ground. Then connect the wires in the cable, one 
after the other to terminal X1. The faulty wire will be 
detected by a strong galvanometer deflection when keys 
B and G are depressed at the same time. 

The pointer will deflect a scale division for 1 volt 
through 1 megohm, hence a very high resistance ground 
or fault can be detected. 


c. MURRAY LOOP TEST 
(1) GROUND ON A WIRE OF A CABLE 


The connections for this type measurement are shown 
in figure 4-5. 

Where there is a ground on a wire, join the faulty wire 
to a good one at the distant end. Then connect the near 
end of the faulty wire to terminal X2 and the good one 
to terminal X1. Connect terminal GR to a good ground. 
Set the MULTIPLY BY dial at M1000, which places 
1000 ohms in the A ratio arm (see figure 4-5) and leaves 
zero ohms in the B ratio arm. Place one knife switch in 
the M position and the other in the MV position. Adjust 
the four rheostat dials (1, 10, 100 and 1000) to obtain 
a bridge balance. If a satisfactory bridge balance cannot 
be obtained with the MULTIPLY BY dial set at M1000, 
set it at M100 or M10 as required. Read the setting of 
the MULTIPLY BY dial and the sum of the settings of 
the four rheostat dials. 

To obtain the resistance Xa (see figure 4-5) to the 
ground on the faulty wire, use the formula below. 

To obtain the value of r to be used in this formula, pro- 
ceed as follows: Allow the connections to remain as 
Place one 
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above, except for the two knife switches. 
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switch on the R position and the other in the VR posi- 
tion. Then balance the bridge, to measure the total 
resistance of the loop, as indicated in Section 4 a. 


Rr 
Xa = Atk where 
Xa = resistance of faulty wire, from instrument 
to fault 


A = M setting of MULTIPLY BY dial 
R = sum of settings of four rheostat dials 


r = resistance of loop 


To convert resistance Xa into distance to the fault, mul- 
tiply the value of Xa by the feet per ohm for the proper 


wire size. 


(2) A CROSS IN A CABLE 


Where there is a cross in a cable, connect one crossed 
wire to terminal X2 and a good wire to terminal X1. 
Join the distant ends of these wires. Connect the other 
crossed wire to terminal GR. Set the MULTIPLY BY 
dial at M1000, which places 1000 ohms in the A ratio 
arm (see figure 4-5) and leaves zero ohms in the B ratio 
arm. Place one knife switch in the M position and the 
other in the MV position. Adjust the four rheostat dials 
(1, 10, 100 and 1000) to obtain a bridge balance. If a 
satisfactory bridge balance cannot be obtained with the 
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MULTIPLY BY dial set at M1000, set it at M100 or M10 
as required. Read the setting of the MULTIPLY BY 
dial and the sum of the settings of the four rheostat dials 
for use in the formula just preceding this paragraph. 

To obtain the value of r to be used in this formlua, pro- 
ceed as follows: Allow the connections to remain as 
above, except for the two knife switches. Place one 
switch in the R position and the other in the VR position. 
Then balance the bridge, to obtain the total resistance of 
the loop, as indicated in Section 4 a. 

To convert resistance Xa into distance to the fault, 
multiply the value of Xa by the feet per ohm for the 
proper wire size. 


d. VARLEY LOOP TEST 
(1) GROUND ON A WIRE OF A CABLE 


The connections for this type measurement are shown 
in figure 4-6. 

Where there is a good ground wire, join the faulty wire 
to a good one at the distant end. Connect the faulty wire 
to terminal X2 and the good one to terminal X1. Con- 
nect terminal GR to a good ground. Place one knife 
switch in the VR position and the other in the MV posi- 
tion. Set the MULTIPLY BY dial at .1 or .01. Adjust 
the four rheostat dials (1, 10, 100 and 1000) to obtain a 
bridge balance. The sum of the dial settings is the value 
of R in the formula below. 


Figure 4-2. 
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Resistance Bridge ZM-4/U, Internal Wiring 
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Figure 4-3. Standard Resistance Measurements 


eae 


Figure 4-4. To Pick Out a Grounded Wire 


Figure 4-7. Three Varley Method 


Figure 4-5. Murray Loop Tests 


Figure 4-8. Open Location—Quadded Cable 


Figure 4-6. Regular Varley Loop Tests Figure 4-9. Open Location—Pairs 
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Measure the total resistance of the loop as indicated in 
Section 5 a and use this value for r in the formula below. 


rB — AR 
bc ACT BE 
Xb = ee eae where 
Xa = resistance of faulty wire 
from instrument to fault 
Xb = resistance of faulty wire 
from distant end to fault 
R = sum of settings of four rheostat dials 


r = total resistance of loop 
Rg = resistance of good wire used in test 
Rb = resistance of faulty wire used in test 


— = setting of MULTIPLY BY dial 


To convert resistance Xa or Xb into distance to the 
fault, multiply the value of Xa or Xb by the feet per 
ohm for the proper wire size. 


(2) A CROSS IN A CABLE 


Where there is a cross in a cable, connect one crossed 
wire to terminal X2 and a good wire to terminal X1. 
Join the distant ends of these wires. Connect the other 
crossed wire to terminal GR. Place one knife switch in 
the VR position and the other in the MV position. Set 
the MULTIPLY BY dial at .1 or .01. Adjust the four 
rheostat dials (1, 10, 100 and 1000) to obtain a bridge 
balance. The sum of the. dial settings is the value of R, 
to be used in the formula just preceding this paragraph. 

Measure the total resistance of the loop as indicated in 
Section 5 a and use this value for r in the same formula. 

To convert resistance Xa or Xb into distance to the 
fault, multiply the value of Xa or Xb by the feet per 
ohm for the proper wire size. 


e. SIMPLE VARLEY TEST 


For this test, the good and bad wires must be equal in 
resistances. 

Make connections as indicated for the regular VAR- 
LEY LOOP TEST. Set the MULTIPLY BY dial at 1 
and adjust the four rheostat dials (1, 10, 100 and 1000) 
fora bridge balance. The resistance from the fault to 
the jointed ends of the wires (at the distant end of the 


cable) is obtained from the formula given below. 
where 


me 
2 


Xb = resistance of faulty wire from 
distant end to fault 


R = sum of settings of four rheostat dials 
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To convert resistance Xb in distance to the fault, mul- 
tiply the value of Xb by the feet per ohm for the proper 
wire size. 


f. THREE VARLEY METHOD 


The connections for this type measurement are shown 
in figure 4-7. 

This method requires three readings of R (sum of the 
four rheostat dials) with slightly different connections as 
shown in the three diagrams of figure 4-7. Place one 
knife switch in the VR position and the other in the MV 
position for all three readings of R. Place the MULTI- 
PLY BY dial at position .1 for all three readings of R. 

For test No. 1 (see figure 4-7), join the faulty wire to - 
two good ones at the distant end of the cable. Connect 
the faulty wire to terminal X2, one good wire to terminal 
X1, and the other good wire to terminal GR. Then . 
adjust the four rheostat dials for a bridge balance. The 
sum of the settings of these dials is R1 in formula below. 

For test No. 2 (see figure 4-7), disconnect the good 
wire from terminal GR and connect this terminal to a 
good ground. Again adjust the four rheostat dials for 
a bridge balance and call the sum of their settings R2 in 
the formula below. 

For test No. 3 (see figure 4-7), disconnect the ground 
from terminal GR and connect this terminal to terminal 
X2. Again adjust the four rheostat dials for a bridge 
balance and call the sum of their settings R3 in the form- 
ula below. 


A 

Ab = AG BE — Rl) 
Xa = a (R3 — R2)~ where © 

‘ae Ate 
R1, R2 and R3 are the readings noted above 
Xb = resistance of faulty wire from 

distant point to fault 

: = setting of MULTIPLY BY dial 

Xa = resistance of faulty wire 


from instrument to fault 


To convert resistance Xa or Xb into distance to the 
fault, multiply the value of Xa or Xb by the feet per 
ohm for the proper wire size. 


g. OPEN LOCATION—QUADDED CABLE 


The connections for this type measurement are shown 
in figure 4-8. 

Remove screw 1, figure 4-1, to disconnect the galvano- 
meter. Turn the BA switch to the OUT position. Con- 
nect a telephone receiver between terminals GA+ and 


GA—. Connect the open wire to terminal X2. Connect 
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the good wire, of equal gauge and length in the same 
cable, to terminal X1. Join these two wires at the dis- 
tant end of the cable. Join the mates of these wires at 
“both ends. All wires must be free from grounds and 
crosses. Connect one side of an a-c source (such as a 
tone or buzzer) to terminal BA— and the other side to 
the near end of the joined mates in the cable. Set the 
MULTIPLY BY dial at M1000, M100 or M10. Place 
one knife switch in the M position and the other in the 
MV position. Adjust the four rheostat dials for a bridge 
balance. Note the readings of these dials and of the 
MULTIPLY BY dial and use in formula below. 


da = oie where 
~ AFR 
da = distance from instrument to open, in feet 


L 
A = setting of MULTIPLY BY dial 


R = sum of setting of four rheostat dials 


hb. OPEN LOCATION—PAIRS 


The connections for this type measurement are shown 
in figure 4-9. 

Remove screw 1, figure 4-1, to disconnect the gal- 
vanometer. Turn the BA switch to the OUT position. 
Connect a telephone receiver between terminals GA+ 
and GA—. Connect the open wire to terminal X1 and 
its distant end to a good ground. Connect the near end 
of its mate to a good ground and leave its distant end 
open. Connect one side of a 1 or 2 mf capacitor to ter- 
minal X2 and the other side to a good ground. Connect 


length of cable, in feet 
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one side of an a-c source (such as a tone or buzzer) to 
terminal BA— and the other side to a good ground. 
Adjust the four rheostat dials for a bridge balance and 
note the sum of the settings of these dials. Use this 
value for R1 in the formula below. Then disconnect the 
near end of the faulty wire from terminal X1 and ground 
it. Disconnect the near end of the good wire from 
ground and connect it to terminal X1. Adjust the four 
rheostat dials for a bridge balance and note the sum of 
the settings of these rheostats. Use this value for R2 in 
the formula below. 


R1L 
da = iS where 


da = distance from instrument to open, in feet 


e- 
I 


first reading of rheostat dials, from above 


wa 
N 
ll 


second reading of rheostat dials, fronw above 


L = length of cable, in feet 


6. TO USE INSTRUMENT RHEOSTAT 
AS RESISTANCE BOX. 


The four sections of the rheostat (operated by dials 1, 
10, 100 and 1000) can be used as a four dial resistance 
box. The safe rating when used in this manner is .5 watt 
per coil. 

To use the rheostat as a resistance box, remove screw 1, 
figure 4-1; place the one knife switch in the VR position; 
make connections to the rheostat at terminals X2 and 
GA—. Then depress (close) key G and make measure- 
ment with rheostat (resistance box). 


5 Section 
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SECTION 5 
OPERATOR’S MAINTENANCE 


1. BATTERY. 


If the sensitivity of the instrument decreases to the 
extent that poor readings are obtained (that is, a small 
deflection of the galvanometer for a relatively large 
change in the bridge circuit), the dry cells should be 
replaced by fresh ones or in the case of a storage battery, 
it should be recharged. 

To replace the dry cells in the instrument case, remove 
the two screws 1, figure 3-1, and the plate held by these 
screws. Remove the old dry cells from the compart- 
ment back of this plate. Then insert the new dry cells in 


ese Ser 


Figure 6-1. 


series in the compartment (bottom end first) so that the 
center terminal on the last cell will make contact with 
the cover plate when it is replaced. Then replace the 
cover plate and the two screws for this plate. 


2, GALVANOMETER. 


If the galvanometer becomes damaged, remove screws . 
1 and 4, figure 4-1, and lift the complete galvanometer 
from the case. Then insert the new galvanometer in 
place and replace and tighten screws 1 and 4. 
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Resistance Bridge ZM-4/U, Under Side of Operating Panel from Rear Edge 
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SECTION 6 
PREVENTIVE MAINTENANCE 


1. GENERAL. 


The instrument should be inspected at regular inter- 
vals to check or prevent any condition that might impair 
or totally disrupt its operation. To insure trouble free 
operation of the instrument, there are several practices 
which must be observed at all times. These are outlined 
below. 


a. The galvanometer in this instrument is a sensitive 
and delicate piece of equipment but will withstand a 
reasonable amount of shock. The locking clamp 2, 
figure 4-1, locks the moving element,.when the instru- 
ment is not in use. Slide the CLAMP button in the 
direction of the arrow as far as it will go in order to lock 
the moving element before moving the instrument. 


b. When using the four rheostat dials as a separate 
resistance box, the limiting current is determined by the 
highest dial in use. These current values are as follows: 


1 ohm dial, 0.5 ampere 
10 ohm dial, 0.16 ampere 
100 ohm dial, 0.05 ampere 
1000 ohm dial, 0.016 ampere 


c. Keep the instrument in a dry place. Dampness will 
cause troublesome key and dial manipulation, and incor- 
rect readings due to current leakage in the instrument. 
The wooden case, carrying strap and hardware will also 
be affected. 


d. Inspect the dry cells in the instrument compartment 
at least twice weekly when the instrument is used in 
humid places. When the instrument is used only occa- 
sionally, remove the dry cells from the compartment after 
completing the tests. Never store the instrument with 
the dry cells in the instrument compartment. When 
installing the dry cells in the instrument compartment, 
be sure that the bottom (negative) terminal is inserted 
first so that the center (positive) terminal will be against 
the cover plate on the compartment when the plate is in 
position on the case. 
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e. When using an external d-c supply for the instru- 
ment, make sure that the correct polarity is observed 
when connecting this source to terminals BA+ and 
BA—. Do not use a voltage higher than 200 volts d-c. 
Furthermore, for any voltage in excess of 45 volts, use 
an exernal resistance in series with this voltage. This 
resistance should have a volume of 40 ohms for each volt 
over 45 volts. 

f. The screws on the top plate, which intludes the 
screws in the five dials and the galvanometer, should be 
kept tight. The four screws, which hold the plate in 
place, are shown at 5, figure 4-1, while those for the gal- 
vanometer are shown at 1 and 4, figure 4-1. The screws 
in the five dials are self-evident in figure 4-1. Further- 
more, the nuts on the hinged section of the two knife 
switches should also be kept tight. In addition, the four 
screws 5, figure 4-1, should be removed and the top 
plate lifted from the instrument case-in order to see that 
nuts 1, figure 6-1, and screws 2 and 3, figure 6-1, are 
tight and to inspect all soldered joints to see that they 
are also tight. 


g. Rub a small amount of wax or clean heavy oil into 
the wooden case to prevent cracking. Be careful that 
none enters the lock or hinges. Work a few drops of 
Neatsfoot oil or equivalent into the leather strap after 
washing it with a mild soap. The frequency of appli- 
cation will depend upon the conditions under which the 
instrument is used. 


h. The instrument is shipped from the manufacturer 
with a very thin film of Vaseline on the contacts of the 
MULTIPLY BY dial and the four rheostat dials. These 
dial contacts (see figure 6-1) should be inspected every 
six months to see if they are dry or dirty. When neces- 
sary, wipe the contacts with a soft, clean cloth to remove 
any old Vaseline and dirt. Then apply a very thin film 
of clean Vaseline. In order to obtain this very thin film 
of Vaseline on the contacts, it is suggested that a soft 
clean cloth be rubbed lightly over the contacts, after the 
Vaseline has been applied. 
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SECTION 7 
CORRECTIVE MAINTENANCE 


1. THEORY OF LOCALIZATION. 


If the sensitivity (amount of deflection of the galvano- 
meter for a given change in the four rheostat dials 1, 10, 
100 and 1000) decreases to an unsatisfactory point, this 
may be due to weak dry cells in the instrument (or low 
voltage of the external source when used) or to dirty 
contacts of the MULTIPLY BY dial. Neither of these 
items affect the accuracy of the instrument. 

If the galvanometer does not move, when it is known 


E-107 -105 E-106 


Ssi0l, Sled Mal” 
S-I03 Sioa 


that the voltage support is satisfactory and the bridge cir- 
cuit is closed, the galvanometer coil or suspensions may 
be damaged or the galvanometer CLAMP button may be 
in the clamp position or it may be jammed. 

The instrument may be checked for accuracy by con- 
necting a known value of resistance (a standard resistor 
or a resistance box), which is within the range of the 
instrument, to the X terminals and measuring this 
resistance. 
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Figure 7-1. Resistance Bridge ZM/4U, Operating Panel 
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Figure 7-2. Resistance Bridge ZM-4/U 
Showing Dry Cell Compartment 
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Figure 7-3. Resistance Bridge ZM-4/U, Under Side of Operating Panel from Front Edge 
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Figure 7-4. Resistance Bridge ZM-4/U, Detail of Click Ball and Spring 
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R-123 
R-102 
R-121 
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R-192 
R-193 R107 
R-194 
RI2 R-108 
RHI R-181 
R182 


RHO FHI4 =R491 RHOS = R-163 
Figure 7-5. Resistance Bridge ZM-4/U, Under Side of Operating Panel from Rear Edge 
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Figure 7-6. Resistance Bridge ZM-4/U, Actual Wiring and Wire Sizes 
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